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A B S T R A C T   
Background: Community health workers (CHWs) are central to India’s strategy for reaching the Sustainable 
Development Goals around maternal and child health. Despite India’s significant investment in these programs, 
few studies have analyzed the effect of CHWs across India. 
Objective: This study aims to analyze multiple types of CHWs and their impact on a broad range of antenatal and 
infant health outcomes across India. 
Methods: In this population-based cross-sectional study, we analyzed data of women interviewed by the most 
recent 2015–2016 National Family Health Survey-4 (NFHS-4) in India. This study performed multiple variable 
regressions to examine the effect of receiving ANC during pregnancy from 1) any CHW and 2) by specific type of 
CHW - Accredited Social Health Activist (ASHA), Anganwadi Worker (AWW), and Community/Village Health 
Worker (defined in Table 1) on antenatal and infant health outcomes. 
Results: Of 166,498 women, 14.2% received ANC from any CHW with specifically 5.9% receiving from ASHAs, 
10.2% receiving from AWWs, and 0.5% receiving from Community/Village Health Workers. Women who 
received ANC from an ASHA had increased ANC utilization (OR 1.77; 95% CI 1.65, 1.91) as well as quality (IRR 
1.06; 95% CI 1.05, 1.08), increased early initiation of breast feeding (OR 1.20; 95% CI 1.12, 1.29), and decreased 
one-year mortality (OR 0.75; 95% CI 0.63, 0.88). Women who received ANC from an AWW had increased ANC 
utilization (OR 2.24; 95% CI 2.12, 2.37) as well as quality (IRR 1.07, 95% CI 1.06, 1.08) and increased early 
initiation of breast feeding (OR 1.30; 95% CI 1.26, 1.40). 
Conclusion: Receiving ANC from ASHAs and AWWs is associated with improved ANC utilization, ANC quality, 
early initiation of breastfeeding and the key outcome of reduced infant mortality.   
1. Introduction 
India accounts for a fifth of maternal deaths and a quarter of child 
deaths globally (UNICEF, 2007; UNICEF, 2009). Antenatal care (ANC) 
can help address this burden, as it has been associated with decreased 
maternal and neonatal mortality (Bauserman et al., 2015; Roy & Haque, 
2018). According to India’s Ministry of Health and Family Welfare, 
routine ANC in India includes at least 4 ANC visits, Tetanus Toxoid in-
jections and Iron-Folic Acid supplementation, as well as measurements 
of blood hemoglobin, urine sugar and protein, blood pressure, and 
weight (Maternal Health Division - Ministry of Health and Family 
Welfare - Government of India, 2010). However, as of 2014, only 51% of 
Indian women had four or more ANC visits during their pregnancy 
(Antenatal Care.Gl). 
India spends 3.7% of GDP on health, which is much lower than the 
global average of 10.0%. (The World Bank) Furthermore, 65% of Indian 
expenditures come out-of-pocket, which can financially cripple 
lower-income individuals (World Bank, 2016). Consequently, health 
outcomes vary widely by caste, education, wealth (Balarajan et al., 
2011). Public expenditure is crucial for alleviating such health inequity. 
Thus, over the past several decades, India has deployed community 
health workers (CHWs), namely the Accredited Social Health Activists 
(ASHA) and Anganwadi Worker (AWW) programs, to improve health-
care access. Table A.1 describes the roles and details of ASHAs and 
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AWWs. In India, CHWs have shown the ability to acquire skills for 
conditions ranging from cardiovascular disease prevention to mental 
health (Armstrong et al., 2011; Khetan et al., 2018). ASHAs, India’s 
frontline cadre of CHWs, have demonstrated mixed effects on maternal 
and child health across studies. An ecological analysis found that an 
increase in ASHAs had no effect on institutional deliveries or having a 
skilled attendant at birth (Wagner et al., 2018). On the other hand, a 
modelling study using the India Human Development Surveys (HDS) 
observed that receiving ASHA’s services was associated with increased 
ANC visits, skilled birth attendance, and facility birth (Agarwal et al., 
2019). Given the scale of investment into 857,000 ASHAs, 1.2 million 
AWWs, and countless local CHW programs across India, it is crucial to 
gain clear evidence as to their effectiveness (Perry et al., 2013). Data 
from the National Family Health Survey-4 (NFHS-4) is well-suited for 
this rigorous evaluation due to its widespread administration and robust 
questionnaires (Woman’s Questionnaire, 2015). 
This study aims to clarify and build upon prior research by investi-
gating the impact of several cadres of community health workers on a 
broad range of antenatal and infant health variables. Because there are 
numerous outcomes that CHW-delivered ANC may affect, we investigate 
a subset of variables, spanning both healthcare process and outcome 
measures. Specifically, this study will investigate how ANC provided by 
CHWs, namely ASHAs, AWWs, and Community/Village Health Workers 
(defined in Table A.1), affect ANC utilization, ANC quality (defined in 
Table 1), early initiation of breast feeding, birthweight, and one-year 
mortality. 
2. Materials and methods 
2.1. Cohort or case-control selection 
This cross-sectional study used data from the most recent National 
Family Health Survey-4 (NFHS-4), a population-based survey (Woman’s 
Questionnaire, 2015). NFHS-4 was administered from January 2015 to 
December 2016 across India (International Institute for Population 
Sciences, 2017). There were 699,686 women between ages 15–49 
interviewed through two-stage stratified sampling at the village/Census 
Enumeration Block level and the household level. Women with a child 
born in the prior 5 years and complete sociodemographic data were 
analyzed. For women with multiple births, only their most recent was 
analyzed, as only this birth had the necessary data recorded. 
2.2. Exposures and other socioeconomic and demographic variables 
Exposures were receiving ANC from any CHW and specifically from 
ASHAs, AWWs, and Community/Village Health Workers, all of which 
are defined in Table 1. Unexposed women include those who received no 
ANC and those who received ANC from a doctor, auxiliary nurse 
midwife, dai/traditional birth attendant, or another provider but not a 
CHW. Thus, this study investigates the incremental effect of receiving 
ANC from a CHW on outcomes and in a sensitivity analysis, we adjust for 
the other providers a woman saw during ANC. Demographic variables 
were age of woman at child’s birth, age of woman at marriage, rural or 
urban place of residence, parity, and religion. Socioeconomic variables 
were wealth index, women’s educational attainment, and caste or tribe 
membership. These variables are further described in Table 1. While 
location of ANC is known to be associated with outcomes like ANC 
quality, this variable was not included as a confounder because it is a 
mediator in the relationship between CHW exposure and outcomes 
(Afulani et al., 2019). Multiple studies have found that CHWs can in-
crease health facility attendance for ANC (Edmond et al., 2018; Wajid 
et al., 2013). 
2.3. Outcomes 
Outcomes were ANC utilization and quality, early initiation of 
Table 1 
Definition of variables.  
Variable Description 
Demographic 
Age of Woman at Child’s 
Birth  
• Age of woman when most recent child was born 
Age of Woman at 
Marriage  
• Age of woman at her first marriage.  
• The child discussed in this study could be from a 
different or no marriage 
Rural or Urban Place of 
Residence  
• A categorical variable indicating whether a woman’s 
usual residence is in an urban or rural area 
Parity  • A count variable indicating which child from the 
eldest, in age order, the most recently born child is 
Religion  • A categorical variable indicating which religion a 
woman follows  
• Options include Hindu, Muslim, Christian, Sikh, and 
Other 
Socioeconomic 
Wealth Index  • A count variable from 1 to 5 that indicates the wealth 
of a woman’s household  
• It is based on the number and kind of consumer goods 
a household owns.  




• A categorical variable indicating the highest level of 
education attended  
• Options include no education, primary, secondary, or 
higher 
Caste or Tribe 
Membership  
• A categorical variable for what type of caste or tribe a 
woman belongs to  
• Options include scheduled caste, scheduled tribe, 
other backwards class, or none of them 
Exposure – Receiving Antenatal Care from a Community Health Worker 
Any Community Health 
Worker  
• A binary variable for whether or not a woman received 
antenatal care from any community health worker for 
her most recent pregnancy  
• Any community health worker encompasses ASHAs, 
AWWs, and other community health workers 
ASHA  • A binary variable for whether or not a woman received 
antenatal care from an ASHA for her most recent 
pregnancy 
AWW  • A binary variable for whether or not a woman received 
antenatal care from an AWW for her most recent 
pregnancy 
Other Community 
Health Worker  
• A binary variable for whether or not a woman received 
antenatal care from other community health workers 
for her most recent pregnancy  
• Other community health worker is defined in the 
NFHS-IV Woman’s Questionnaire as a “community/ 
village health worker” who is not an ASHA, Angan-
wadi worker, or a DAI/Traditional Birth Attendant 
Outcomes – Antenatal and Infant Health 
Antenatal Care 
Utilization  
• A binary variable for whether or not a woman attended 
at least four ANC visits, which was the WHO 
recommendation and the focus of Indian public health 
programs at the time of NFHS-4. (WHO, 2013)  
• In a sensitivity analysis, utilization was redefined as a 
binary variable for whether or not a woman had eight 
or more ANC visits, as this is the updated 2016 WHO 
recommendation. (WHO, 2013)  
• In a sensitivity analysis, utilization was redefined as a 
count variable for number of ANC visits. 
Quality of Antenatal 
Care  
• A count variable from 0 to 11 that is a composite of 11 
binary questions about a woman’s pregnancy. A higher 
score indicates higher quality.  
• 5 of the questions were: “As part of your antenatal care 
during this pregnancy, were any of the following done 
at least once? a) Were you weighed? b) Was your blood 
pressure measured? c) Did you give a urine sample? d) 
Was a sample of your blood taken for testing? e) Was 
your abdomen examined?” 5 of the questions were 
“During (any of) your antenatal care visit(s), were you 
told about the following signs of pregnancy 
complications? a) vaginal bleeding? b) convulsions? c) 
prolonged labour? d) severe abdominal pain? e) high 
blood pressure?” The last question was: “Were you told 
(continued on next page) 
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breastfeeding, birthweight, and one-year mortality. These outcome 
variables are further defined in Table 1. 
2.4. Statistical analyses 
2.4.1. Descriptive statistics 
Descriptive analyses of CHW exposure and outcome variables were 
conducted. Summary statistics for sociodemographic characteristics 
were reported for the cohort and by exposure status. Percentages were 
weighted as specified by NFHS-4. 
2.4.2. Epidemiology of community health worker-delivered care 
Associations with antenatal and infant health outcomes were 
initially assessed through unadjusted regressions. These were conducted 
among individuals with complete sociodemographic data, so that dif-
ferences with the fully adjusted models would not be due to different 
analytic samples. Adjusted regressions examined the independent effect 
of CHWs on outcomes. These analyses were adjusted for all non-outcome 
variables listed in Table 1. 
Analyses were conducted separately for each outcome: attended four 
ANC visits, ANC quality (defined in Table 1), early initiation of breast 
feeding, birthweight, and one-year mortality. The denominator for each 
analysis was infants with complete sociodemographic information and 
complete data for the relevant outcome. For each outcome, the regres-
sion was conducted with the exposure defined in two ways: 1) a single 
binary variable for whether or not a woman received ANC from any 
CHW and 2) three binary variables for whether or not a woman received 
ANC from an ASHA, AWW, or Community/Village Health Worker. By 
including all three variables in the same regression, the second form 
examined the independent effects of exposure to ASHAs, AWWs, and 
Community/Village Health Workers. According to the NFHS-4 survey, 
this ANC could have been provided at home or a health facility (Inter-
national Institute for Population Sciences, 2017). 
Logistic regressions were conducted for attended the recommended 
four ANC visits, early initiation of breast feeding, and one-year mortality 
(WHO, 2013). A Poisson regression was conducted for quality of ANC 
(defined in Table 1). A linear regression was conducted for birthweight. 
Stata’s survey commands were utilized to incorporate the survey’s 
clustering and stratification into analyses. Thus, these models were more 
robust to violations of autocorrelation. Variance inflation factors were 
computed for all regressions to assess the risk of multicollinearity and 
none of the predictor variables were highly collinear. All p-values were 
adjusted for multiple testing using the Holm method. 
2.4.3. Missing data 
Only 101 women were missing exposure data (Fig. 1), so this miss-
ingness was not further explored. Only the outcome of birthweight had 
greater than 6% of individuals missing data, so complete-case analyses 
were conducted. Individuals missing outcome data were explored 
Table 1 (continued ) 
Variable Description 
where to go if you had any pregnancy complications?” 
(Woman’s Questionnaire, 2015) 
Birthweight  • A continuous variable for the weight of a woman’s 
newborn in grams  
• Birthweight was obtained either from a birth card or 
mother’s recall 
Early Initiation of 
Breastfeeding  
• A binary variable for whether or not a mother initiated 
breastfeeding for her newborn immediatelya 
One-Year Mortality  • A binary variable for whether or not a mother’s infant 
died within one year of birth 
All variables were obtained from the Woman’s Questionnaire of the National 
Family Health Survey 4 except for wealth index, which was obtained from the 
Household Questionnaire. 
a “Immediately” was a measure for time to initiation of breastfeeding in the 
data but does not represent a specific time interval. 
Fig. 1. Flowchart of Inclusion/Exclusion Criteria. The numbers in this figure are the unweighted, sampled number of children. From top to bottom, the figure 
displays the number of individuals missing community health worker exposure data, confounder data, outcome data. Missingness for antenatal care quality is due to 
the fact that these women did not receive any antenatal care. 
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descriptively by exposure status. Multiple variable logistic regressions 
were conducted to investigate the effect of CHW exposure on 
missingness. 
2.4.4. Sensitivity analysis 
Sensitivity analyses were conducted to further examine associations. 
In one analysis, results were adjusted for the other providers women saw 
for ANC, including doctors, auxiliary nurse-midwives, nurses, mid- 
wives, lady health visitors, dai’s, and traditional birth attendants. In 
another analysis, a fixed effect for each state and union territory was 
added to the models to account for potential residual confounding by 
region. Two sensitivity analyses were conducted with ANC utilization 
defined as: 1) whether or not a woman had eight or more ANC visits, as 
this became the new WHO recommendation in 2016 and 2) a Poisson 
regression with number of ANC visits as a count variable (WHO, 2013). 
2.5. Ethics 
The protocol for NFHS-4 was approved by the International Institute 
for Population Sciences Institutional Review Board (IRB) and the ICF 
IRB. It was reviewed by the U.S. Centers for Disease Control and Pre-
vention (International Institute for Population Sciences, 2017). 
3. Results 
3.1. Participants 
Of the 699,686 women interviewed, 190,898 had a pregnancy in the 
prior 5 years and 166,498 had complete data (Fig. 1). 
3.2. Descriptive data 
3.2.1. Study cohort 
The majority of women were Hindu (80.8%; 95% CI 80.2%, 81.3%), 
lived in rural places (70.1%; 95% CI 69.6%, 70.6%), and were from a 
scheduled caste, scheduled tribe, or otherwise backwards class (78.6%; 
95% CI 77.2%, 79.8%). 
3.2.2. Exposure variables 
The percentage of women who received ANC from any CHW was 
14.2% (95% CI 13.9%, 14.5%), with specifically, 5.9% (95% CI 5.7%, 
6.1%) from ASHAs, 10.2% (95% CI 10.0%, 10.5%) from AWWs, and 
0.5% (95% CI 0.4%, 0.5%) from Community/Village Health Workers 
(defined in Table 1). The percentage of women who received ANC from 
any CHW ranged from 1.9% (95% CI 1.5%, 2.6%) in Nagaland to 38.6% 
(95% CI 36.8%, 40.4%) in Odisha (Table A.3). 
3.2.3. Outcome variables 
The percentage of women who attended four or more ANC visits was 
48.9% (95% CI 47.0%, 51.1%). The mode of ANC quality scores was 11. 
There were 41.4% (95% CI 40.9%, 41.8%) of women who initiated 
breast feeding early, the mean birthweight of newborns was 2807 g (SD: 
576), and 2.6% (95% CI 2.5, 2.7) of infants died within one year of birth. 
3.2.4. Sociodemographic characteristics across exposure groups 
As displayed in Table A.4, women who received ANC from a CHW 
were more likely to be in the lowest three wealth quintiles. The exposed 
group was also more likely to be Hindu (81.0% versus 78.5%), more 
likely to live in a rural place (83.5% versus 67.9%), and less likely to be 
in a non-scheduled caste/scheduled tribe/other backwards class (16.8% 
versus 21.0%). 
3.3. Analyses 
The analyses will be reported separately for: 1) receiving care from 
any CHW and 2) receiving care by type of CHW. Tables 2 and 3 provide 
the unadjusted and adjusted regression estimates and Fig. 2 displays 
them visually. 
3.3.1. Receiving ANC from with any community health worker 
3.3.1.1. Process measures: ANC utilization, ANC quality, early initiation of 
breast feeding. In an unadjusted analysis, women who received ANC 
from any CHW had 1.58 (95% CI 1.51, 1.66) times the odds of attending 
four ANC visits. After adjustment, this OR increased to 2.24 (95% CI 
2.13, 2.35). Receiving care from any CHW was positively associated 
with ANC quality in the unadjusted analysis (IRR: 1.01, 95% CI 1.00, 
1.03) and after adjustment, was associated with a 1.07 (95% CI 1.06, 
1.08) times increase in the score for quality of ANC. Women who 
received care from any CHW had 1.27 (95% CI 1.22, 1.34) times the 
odds of early initiation of breast feeding for their newborn in the un-
adjusted analysis and this effect increased after adjustment (OR: 1.29, 
95% CI 1.23, 1.43). 
3.3.1.2. Health outcomes: birthweight and one-year mortality of infant. In 
the unadjusted analysis, receiving care from any CHW was associated 
with a slight (Grams: 22.08, 95% CI 10.26, 33.89) decrease in birth-
weight and after adjustment, this association became null (Table 3). 
There was a statistically significant negative relationship between 
receiving ANC from any CHW and one-year mortality (OR: 0.88, 95% CI 
0.78, 0.98). After adjustment, this association became stronger in 
magnitude, with women having 0.79 (95% CI 0.70, 0.88) times the odds 
of their child dying within one year of birth. 
Table 2 
Unadjusted analysis of the impact of receiving antenatal care from community health workers on antenatal and infant health outcomes.   
Any CHW Specific CHW  
ASHA AWW Other 
Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p- 
value 
Attended Four ANC Visits (OR) 1.58 (1.51, 1.66) <0.001 1.28 (1.20, 1.37) <0.001 1.72 (1.63, 1.82) <0.001 1.11 (0.89, 1.39) 0.36 
ANC Quality (IRR) 1.01 (1.00, 1.03) 0.005 1.02 (1.00, 1.03) 0.04 1.03 (1.02, 1.04) 1.2E-7 1.03 (0.99, 1.07) 0.11 
Early Initiation of Breastfeeding 
(OR) 
1.27 (1.22, 1.34) 9.7E- 
24 
1.17 (1.09, 1.26) 1.3E- 
05 
1.33 (1.26, 1.41) 5.7E- 
26 
1.33 (1.08, 1.63) 0.008 
Birthweight (grams) − 22.08 (− 33.89, 
− 10.26) 
2.5E-4 − 12.54 (− 30.58, 
5.51) 
0.17 − 24.46 (− 37.77, 
− 11.15) 
3.2E-4 − 12.27 (− 74.00, 
46.47) 
0.70 
One-Year Mortality (OR) 0.88 (0.78, 0.98) 0.02 0.84 (0.72, 0.99) 0.05 0.91 (0.79, 1.04) 0.16 0.93 (0.52, 1.65) 0.80 
The estimates for Attended Recommended Number of Antenatal Care Visits, Early Initiation of Breastfeeding, and One-Year Mortality are odds ratios. The estimates for 
Antenatal Care Quality and Birthweight are incidence rate ratios and changes in grams respectively. 
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3.3.2. By specific community health worker: ASHA, AWW, Community/ 
Village Health Worker 
3.3.2.1. Process measures: ANC utilization, ANC quality, early initiation of 
breast feeding. In an unadjusted analysis, women who received ANC 
from ASHAs or AWWs were independently more likely to attend four 
ANC visits (Table 2). After adjustment, these associations grew in 
magnitude. Receiving ANC from ASHAs and AWWs were associated 
with 1.77 (95% CI 1.65, 1.91) and 2.24 (95% CI 2.12, 2.37) times the 
odds of attending four ANC visits respectively. 
In an unadjusted analysis, women who received ANC from either 
ASHAs or AWWs were independently more likely to have better ANC 
quality (Table 2). After adjustment, these associations with ASHAs and 
AWWs grew in magnitude. Receiving care from ASHAs and AWWs were 
associated with a 1.06 (95% CI 1.05,1.08) times and 1.07 (95% CI 1.06, 
1.08) times increase in the quality score for ANC respectively. 
In an unadjusted analysis, women who received care from ASHAs, 
AWWs, and Community/Village Health Workers were independently 
more likely to initiate breast feeding early for their newborns (Table 2). 
After adjustment, only the associations with ASHAs and AWWs 
remained statistically significant. Women who received ANC from 
ASHAs and AWWs had 1.20 (95% CI 1.12, 1.29) times and 1.33 (95% CI 
1.26, 1.40) times the odds of initiating breast feeding early respectively. 
3.3.2.2. Outcome measures: birthweight and one-year mortality of infant. 
In an unadjusted analysis, only receiving ANC from AWWs was inde-
pendently associated with a slight (Grams: 24.46; 95% CI -37.77, 11.15) 
decrease in newborn birthweight but after adjustment, no association 
remained. 
Without adjustment, only receiving ANC from ASHAs was indepen-
dently associated with decreased odds of one-year mortality for infants 
(Table 2). After adjustment, this effect size grew in magnitude to 0.75 
(95% CI 0.63, 0.88) times the odds of one-year mortality. 
3.4. Sensitivity analyses 
After adjusting for the other providers women saw for ANC, the effect 
of CHW exposure on antenatal and infant health variables persisted 
(Table A.5). Incorporating a fixed effect for state or union territory also 
resulted in persisting associations of slightly decreased statistical sig-
nificance (Table A.6). 
When ANC utilization was redefined to attending eight ANC visits, 
the effect of receiving ANC from ASHAs decreased in statistically sig-
nificance (OR: 1.17; 95% CI 1.04, 1.31). When ANC utilization was 
defined as a count variable for number of visits, receiving care from any 
CHW, ASHAs, AWWs, and Community/Village Health Workers were all 
associated with increased utilization (Table A.7). 
Missingness for outcome data was explored with regards to its rela-
tionship with exposure status. Receiving ANC from any CHW was 
associated with missingness and thus, the values were not missing 
completely at random (Table A.8). 
Because of the relatively limited amount of missing data (Fig. 1), 
imputation was not conducted. 
4. Discussion 
4.1. Principle findings 
In this study of 166,498 Indian women, receiving ANC from any 
CHW was associated with greater ANC utilization, higher quality of 
ANC, and early initiation of breast feeding. This effect was not homo-
geneous across all types of CHWs. Receiving care from ASHAs and 
AWWs were each independently associated with improved ANC utili-
zation and quality as well as early initiation of breast feeding. Only 
receiving ANC from ASHAs was independently associated with 
decreased one-year mortality. It is important to note, however, that 
fewer than 15% of women received ANC from either ASHAs or AWWs. 
4.2. Strengths of the study 
This is the first study to simultaneously analyze the effectiveness of 
multiple cadres of CHWs in India. Additionally, it is the first study 
globally to investigate the impact of receiving ANC from CHWs on 
birthweight or one-year mortality. 
Another strength is the robust nature of the NFHS-4 sampling design. 
The survey is nationally representative. The two-stage stratified sam-
pling design was established to produce reliable estimates of indicators 
at the district, state or union territory, and national level. Because of the 
large number of women interviewed, this analysis was well-powered. 
Due to the vast array of questions included in the survey, this study 
was able to adjust for many potential confounders. 
4.3. Limitations of the data 
One limitation of this study is exposure and outcome ascertainment. 
With regards to the exposure, the survey only indicates whether or not a 
CHW was seen but not the number of interactions and the quality of 
these interactions. The survey does not indicate what immunizations, 
counsel, and other services were provided during each ANC visit a 
woman had. This limitation is inherent to using the DHS survey which is 
comprehensive in coverage of topics and samples over a million Indians, 
but as a result, is not able to ask in depth questions about participant’s 
multitude of healthcare experiences. The outcome variable quality of 
ANC was a composite variable created for this study and is not a vali-
dated instrument. For the outcome of early initiation of breast feeding, 
Table 3 
Fully adjusted analysis of the impact of receiving antenatal care from community health workers on antenatal and infant health outcomes.   
Any CHW Specific CHW  
ASHA AWW Other 
Estimate (95% CI)a p-value 
b 
Estimate (95% CI)a p-value 
b 
Estimate (95% CI)a p-value 
b 
Estimate (95% CI)a p-value 
b 
Attended Four ANC Visits (OR) 2.24 (2.13, 2.35) <0.0001 1.77 (1.65, 1.91) <0.0001 2.24 (2.12, 2.37) <0.0001 1.15 (0.84, 1.57) >0.99 
ANC Quality (IRR) 1.07 (1.06, 1.08) <0.0001 1.06 (1.05, 1.08) 3.0E-16 1.07 (1.06, 1.08) 3.2E-33 1.05 (1.01, 1.08) 0.07 
Early Initiation of Breastfeeding 
(OR) 
1.29 (1.23, 1.35) 6.3E-24 1.20 (1.12, 1.29) 6.6E-06 1.3 (1.26, 1.40) 1.5E-23 1.30 (1.06, 1.60) 0.08 
Birthweight (grams) − 2.24 (− 14.08, 
9.60) 
>0.99 2.54 (− 15.47, 
20.54) 
>0.99 − 7.55 (− 20.95, 
5.85) 
>0.99 − 14.54 (− 76.29, 
47.21) 
>0.99 
One-Year Mortality (OR) 0.79 (0.70, 0.88) 4.2E-4 0.75 (0.63, 0.88) 0.01 0.85 (0.74, 0.97) 0.14 0.91 (0.51, 1.62) >0.99 
The estimates for Attended Recommended Number of ANC Visits, Early Initiation of Breastfeeding, and One-Year Mortality are Odds Ratios. The estimates for 
Antenatal Care Quality and Birthweight are incidence rate ratios and changes in grams respectively. 
a The 95% confidence interval presented is from the multiple regression associated with the outcome variable and does not correspond to the adjusted p-value. 
b p-values were adjusted using the Holm method. 
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there could be measurement error, as the survey only includes two 
categorical values for breast feeding immediately or after 1 h or more 
birth. If breast feeding within an hour was rounded up to 1 h, the data 
would underestimate the proportion of women who initiated breast 
feeding early. 
Residual confounding from distance to a healthcare facility, not 
available in NFHS-4 data, could confound observed relationships. 
As with any cross-sectional study, recall bias could be present. For 
one-year mortality, women whose infants died could be more likely to 
recall receiving ANC from a CHW. Such a bias would skew the effect 
estimate towards the null. Reverse causality is possible, as the outcome 
of having more ANC visits could make it more likely to receive care from 
a CHW. Selection bias could be present, as the cohort only includes 
women with live births and thus, excludes women with the worst 
Fig. 2. Box Plot of Unadjusted and Fully Adjusted Effect Estimates for Receiving Antenatal Care from Community Health Workers on Antenatal and Infant Health 
Outcomes. Dot plots with confidence intervals of the associations between receiving antenatal care from any community health worker, Accredited Social Health 
Activists, Anganwadi Workers, as well as Other community health workers and antenatal as well as infant health outcomes. The results are depicted with the effect 
estimates from the unadjusted regression models on the top and the effect estimates from the fully adjusted regression models on the bottom. a Indicates which effect 
estimates were statistically significant after the adjustment of p-values for multiple testing. Adjustment for multiple testing was only done for the fully-adjusted 
regressions. Confidence intervals did not incorporate this adjustment, which is why some confidence intervals that do not cross 1 are not labeled with an asterisk. 
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pregnancy outcomes: miscarriages, stillbirths, and maternal death. If 
these women were less likely to receive ANC from a CHW and more 
likely to experience adverse outcomes, effect estimates would be biased 
towards the null. 
4.4. Interpretation 
This study provides evidence for the value of CHWs for improving 
antenatal and infant health. Effects were seen independently for expo-
sure to ASHAs and AWWs, indicating the effectiveness of both of India’s 
largescale CHW programs. 
As discussed before, prior literature contains mixed results as to the 
effectiveness of ASHAs for ANC. Nonetheless, ASHAs were hypothesized 
to have an impact on the investigated outcomes because part of their 
role is in maternal and child health (Fathima et al., 2015; Kohli et al., 
2015; Perry et al., 2013; Scott et al., 2019). This study confirms prior 
research from Agarwal et al., which found, using the India HDS, that 
receiving services from ASHAs was associated with an increase in 
attending 4 or more ANC visits (Agarwal et al., 2019). In our study, this 
association held even after controlling for a variety of socioeconomic 
and demographic factors and even in sensitivity analyses that controlled 
for the other providers a woman received ANC from and the state or 
union territory a woman lived in. The long-term effect of 
ASHA-delivered ANC on infant mortality was not expected but could be 
explained by the fact that women who receive ANC from ASHAs are in 
the catchment area of an ASHA and thus, may be likely to receive infant 
care from an ASHA as well (Perry et al., 2013). For ASHAs, the effect on 
both process outcomes and health outcomes suggests a causal pathway 
by which receiving ANC from ASHAs can lead to improved infant health. 
The effect of AWWs on antenatal health outcomes was not antici-
pated, as the primary aim of AWWs is to dispense nutritional supple-
mentation not antenatal care (Perry et al., 2013). Thus, observing even 
larger effect sizes for receiving care from AWWs compared to ASHAs on 
attending the recommended number of ANC visits and ANC quality was 
surprising. Because AWWs are based in anganwadi centers while ASHAs 
are in the community, the greater effect observed from exposure to 
AWWs could be attributed to the unmeasured confounder of a woman 
being close to an anganwadi center and more generally, having better 
access to care (Perry et al., 2013). Still, the effects of receiving care from 
AWWs persists, even after controlling for the other providers a woman 
saw for ANC, so access to care may not fully explain the effect of AWWs. 
Because AWWs are also responsible for promoting healthy behavior and 
one of their target populations is pregnant women, it is plausible that 
they could improve care for pregnant women (Table 1). 
5. Conclusion 
This study provides both confirmatory and new evidence on the 
effectiveness of India’s CHW programs for improving antenatal and 
infant health. This analysis was essential given the scope of and financial 
resources invested in India’s 857,000 ASHAs and 1.2 million AWWs. 
Given the dearth of prior research on this topic, further work is needed 
to better understand these findings. Qualitative research must be con-
ducted to better understand what activities ASHAs and AWWs, whose 
main role is in nutrition, conduct to affect antenatal and infant health. 
To more holistically evaluate CHWs, assessment should extend to 
maternal health outcomes. This study provides the first evidence glob-
ally on the effectiveness of CHW-delivered ANC on birthweight and one- 
year mortality. Further research should be conducted outside India to 
assess CHWs’ influence on the same outcomes, so that better-performing 
CHW programs can be identified and lessons from them can be extracted 
and applied to new contexts. In this study, a small percentage of women 
received ANC from an ASHA. This may not be surprising as India needs 
to train 483,000 new ASHAs to fulfill the government mandate of 1 
ASHA per 1000 people (Perry et al., 2013). This study’s positive findings 
in tandem with nation-wide lack of access to ASHAs suggest that India’s 
government should expand CHWs, in order to maximize their 
population-level impact for antenatal and infant health. 
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Appendix  
Table A.1 
Outline of India’s national community health worker programs  




Anganwadi workers work at the anganwadi centers in their 
own villages. They focus on nutritional supplementation 
for children, adolescent girls, pregnant women, and 
lactating mothers. They also interface with the community, 
by promoting healthy behaviors and mobilizing 
community members improved water sanitation, 
immunization, and other health activities. 
Village 3–4 
weeks 
Considered to be volunteers but paid around $27 to $29 
per month. 
1,200,000 
ASHAs work solely in their village and focus on promoting 
maternal and child health, which includes immunizations, 
Village 3–4 
weeks 
Receive $16 per month for completing day-to-day tasks. 
Performance-based compensation includes $10 for 
857,000 
(continued on next page) 
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Table A.1 (continued ) 





basic medicine provision, and facility-based deliveries. The 
aim is to have 1 ASHA for every 1000 people. 
facilitating an institutional delivery and $2.50 for 
facilitating a child’s complete immunization. 
Details about India’s community health worker programs found in an international report (Perry et al., 2013).  
Table A.2 
Descriptive Analysis of Sociodemographic Variables  
Characteristic Total (n = 166,498) 
Birth Parity 
Mean (SD) 2.31 (2.25) 
Woman’s Age at Childbirth 
Median (IQR) 24 (21–27) 
Woman’s Age at Marriage 
Median (IQR) 18 (16–21) 
Wealth Index 
Poorest 23.4% (95% CI: 23.1%, 23.8%) 
Poorer 20.7% (95% CI: 20.4%, 21.0%) 
Middle 19.7% (95% CI: 19.4%, 20.1%) 
Richer 19.1% (95% CI: 18.7%, 19.5%) 
Richest 17.0% (95% CI: 16.6%, 17.4%) 
Religion 
Hindu 80.8% (95% CI: 80.2%, 81.3%) 
Muslim 14.0% (95% CI: 13.5%, 14.5%) 
Christian 2.1% (95% CI: 2.0%, 2.3%) 
Sikh 1.5% (95% CI: 1.4%, 1.5%) 
Other 1.7% (95% CI: 1.4%, 1.9%) 
Type of Place of Residence 
Urban 29.9% (95% CI: 29.4%, 30.4%) 
Rural 70.1% (95% CI: 69.6%, 70.6%) 
Caste 
Scheduled Caste 22.3% (95% CI: 21.8%, 22.7%) 
Scheduled Tribe 10.7% (95% CI: 10.4%, 11.0%) 
Otherwise Backwards Caste 45.6% (95% CI: 45.0%, 46.1%) 
None of Them 21.5% (95% CI: 21.0%, 22.0%) 
Because this table is for the study cohort, women missing data for any of the 
variables are already excluded, as displayed in Table A1. Percentages are 
weighted based on the sampling weights specified by National Family Health 
Survey 4. Weighting was not incorporated for the median and interquartile 
range for Woman’s Age at Childbirth and Woman’s Age at Marriage.  
Table A.3 
Access to community health worker-delivered antenatal care by state and union territory  
State or Union Territory Percentage of Women who Received Antenatal Care from any CHW (95% CI) 
Andhra Pradesh 10.4 (8.7, 12.3) 
Arunachal Pradesh 2.4 (1.8, 3.2) 
Assam 17.8 (16.3, 19.4) 
Bihar 10.5 (9.8, 11.2) 
Chhattisgarh 29.0 (27.1, 31.0) 
Goa 13.9 (9.8, 19.4) 
Gujarat 14.5 (13.2, 16.0) 
Haryana 12.5 (11.2., 14.0) 
Himachal Pradesh 2.3 (1.6, 3.2) 
Jammu and Kashmir 11.1 (9.6, 12.9) 
Jharkhand 16.8 (15.6, 18.1) 
Karnataka 6.0 (5.0, 7.1) 
Kerala 10.4 (8.5, 12.5) 
Madhya Pradesh 18.8 (17.9, 19.8) 
Maharashtra 6.0 (5.3, 6.9) 
Manipur 5.2 (4.3, 6.3) 
Meghalaya 5.1 (3.9, 6.5) 
Mizoram 4.9 (3.7, 6.5) 
Nagaland 1.9 (1.5, 2.6) 
Odisha 38.6 (36.8, 40.4) 
Punjab 10.8 (9.3, 12.5) 
Rajasthan 14.0 (13.0, 15.1) 
Sikkim 4.7 (3.4, 6.5) 
Tamil Nadu 15.2 (13.7, 16.9) 
Telangana 8.0 (6.6, 9.8) 
(continued on next page) 
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Table A.3 (continued ) 
State or Union Territory Percentage of Women who Received Antenatal Care from any CHW (95% CI) 
Tripura 10.0 (7.7, 13.0) 
Uttar Pradesh 11.7 (11.1, 12.4) 
Uttarakhand 7.0 (5.9, 8.2) 
West Bengal 28.7 (26.2, 31.4) 
Andaman and Nicobar Islands 0.6 (0.2, 1.8) 
Chandisgarh 2.0 (0.3, 12.7) 
Dadra and Nagar Haveli 6.7 (3.1, 13.6) 
Daman and Diu 10.5 (7.4, 14.9) 
Delhi 1.4 (0.8, 2.5) 
Lakshadweep 13.7 (8.5, 21.3) 
Pondicherry 7.8 (5.2, 11.5) 
Percentages were calculated based on the weighting specified by the survey.  
Table A.4 
Descriptive analysis of sociodemographic variables by exposure to community health workers  
Characteristic Total n = 166,498 
No CHW 
Antenatal Care 
n = 142,529 
Any CHW 
Antenatal Care 
n = 23,969 
No ASHA 
Antenatal Care 







Care n = 149,524 
Anganwadi 
Worker Antenatal 







Worker n = 851 
Mother’s Age at Childbirth 
Median (IQR) 24 (22–28) 24 (21–28) 24 (22–28) 24 (21–28) 24 (22–28) 24 (21–27) 24 (22–28) 25 (22–29) 
Woman’s Age at Marriage 




7790 (30.1%) 37,630 
(22.9%) 
3161 (32.2%) 35,113 (22.8%) 5678 (29.2%) 40,596 (23.4%) 195 (23.2%) 
Poorer 31,067 
(19.8%) 
6362 (26.4%) 34,504 
(20.1%) 
2925 (30.1%) 33,149 (20.2%) 4280 (25.4%) 37,241 (20.7%) 188 (24.8%) 
Middle 28,640 
(19.6%) 
4592 (20.4%) 31,336 
(19.8%) 
1896 (18.9%) 30,021 (19.6%) 3211 (20.9%) 33,046 (19.7%) 186 (20.5%) 
Richer 25,927 
(19.8%) 
3241 (14.9%) 28,016 
(19.6%) 
1152 (11.6%) 26,789 (19.5%) 2379 (15.8%) 29,001 (19.1%) 167 (21.2%) 
Richest 23,894 
(18.5%) 
1984 (8.3%) 25,109 
(17.6%) 








7625 (78.8%) 109,457 (80.3%) 14,628 (85.0%) 123,490 (80.8%) 595 (83.9%) 
Muslim 18,841 
(14.5%) 
2528 (11.4%) 20,036 
(14.0%) 
1333 (14.3%) 19,906 (14.5%) 1463 (9.6%) 21,288 (14.0%) 81 (10.8%) 
Christian 12,959 (2.2%) 877 (1.8%) 13,380 (2.2%) 456 (1.6%) 13,455 (2.2%) 381 (1.8%) 13,688 (2.1%) 148 (3.6%) 
Sikh 2697 (1.5%) 387 (1.2%) 2821 (1.4%) 263 (1.9%) 2869 (1.5%) 215 (0.9%) 3076 (1.5%) 8 (0.8%) 
Other 3684 (1.6%) 440 (2.2%) 3898 (1.5%) 226 (3.4%) 3837 (1.5%) 287 (2.7%) 4105 (1.7%) 19 (1.0%) 
Type of Place of Residence 
Urban 38,769 
(32.1%) 
3629 (16.7%) 41,333 
(31.0%) 







8838 (88.2%) 109,926 (68.8%) 14,174 (81.8%) 123,475 (70.1%) 625 (75.4%) 
Caste 
Scheduled Caste 27,130 
(21.8%) 
5187 (24.9%) 30,095 
(22.0%) 
2222 (26.3%) 28,650 (22.0%) 3667 (24.4%) 32,140 (22.2%) 177 (28.7%) 
Scheduled Tribe 28,943 (9.9%) 5501 (15.1%) 32,194 
(10.5%) 






9888 (43.2%) 63,998 
(46.1%) 
3609 (37.4%) 60,256 (45.7%) 7351 (44.9%) 67,265 (45.6%) 342 (46.8%) 
None of Them 28,737 
(22.3%) 
3393 (16.8%) 30,308 
(21.4%) 
1822 (22.6%) 30,077 (22.3%) 2053 (14.4%) 32,024 (21.5%) 106 (15.6%) 
Baseline sociodemographic characteristics of the cohort according to whether or not a woman received antenatal care from any CHW and specifically from ASHAs, 
anganwadi workers or Community/Village Health Workers. The frequencies are the actual counts from the cohort of 166,498 women, but the percentages are weighted 
based on the sampling weights specified by National Family Health Survey-4, so the percentages do not correspond perfectly to the frequencies. Weighting was not 
incorporated for the median and IQR for Woman’s Age at Childbirth and Woman’s Age at Marriage.  
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Table A.5 
Fully adjusted analysis of the impact of receiving antenatal care from community health workers on antenatal and infant health outcomes with additional adjustment 
for other providers seen for antenatal care   
Any CHW Specific CHW  
ASHA Anganwadi Worker Community/Village Health 
Worker 
Estimate (95% CI) p-value Estimate (95% 
CI) 
p-value Estimate (95% 
CI) 
p-value Estimate (95% CI) p-value 
Attended Recommended Number of Antenatal 
Care Visits (OR) 
2.77 (2.62, 2.94) <0.001 2.13 (1.95, 2.32) <0.001 2.53 (2.37, 2.71) <0.001 1.29 (0.83, 2.01) 0.25 
Antenatal Care Quality (Score)* 1.10 (1.09, 1.11) <0.001 1.09 (1.07, 1.10) <0.001 1.08 (1.07, 1.10) <0.001 1.06 (1.03, 1.10) <0.001 
Early Initiation of Breastfeeding (OR) 1.30 (1.24, 1.36) <0.001 1.21 (1.13, 1.31) <0.001 1.33 (1.26, 1.40) <0.001 1.28 (1.05, 1.56) 0.02 
Birthweight (grams) − 0.84 (− 12.70, 
11.03) 
0.89 3.64 (− 14.36, 
21.65) 
0.69 − 6.76 (− 20.17, 
6.65) 
0.32 − 15.65 (− 77.79, 
46.49) 
0.62 
One-Year Mortality (OR) 0.79 (0.70, 0.88) <0.001 0.74 (0.63, 0.88) 0.001 0.85 (0.75, 0.97) 0.02 0.91 (0.51, 1.62) 0.74 
The effect estimates reported vary for outcome variable based on the regression used. As indicated in the first column, the estimates for Attended Recommended 
Number of Antenatal Care Visits, Early Initiation of Breastfeeding, and One-Year Mortality are Odds Ratios. The effect estimates for Antenatal Care Quality are 
incidence rate ratios and Birthweight are changes in grams. These results do not include any adjustment for multiple testing.  
Table A.6 
Fully adjusted analysis of the impact of receiving antenatal care from community health workers on antenatal and infant health outcomes with additional fixed effect 
for state or union territory   
Any CHW Specific CHW  




p-value Estimate (95% 
CI) 
p-value Estimate (95% CI) p-value Estimate (95% CI) p- 
value 
Attended Recommended Number of Antenatal 
Care Visits (OR) 
2.05 (1.95, 
2.15) 
<0.001 1.64 (1.52, 1.77) <0.001 2.06 (1.95, 2.19) <0.001 1.00 (0.68, 1.45) 0.98 
Antenatal Care Quality (IRR) 1.03 (1.02, 
1.04) 
<0.001 1.06 (1.04,1.07) <0.001 1.02 (1.01, 1.03) <0.001 1.01 (0.98, 1.04) 0.53 
Early Initiation of Breastfeeding (OR) 1.18 (1.13, 
1.24) 
<0.001 1.17 (1.09, 1.26) <0.001 1.21 (1.15, 1.28) <0.001 1.17 (0.95, 1.45) 0.14 
Birthweight (grams) 1.85 (− 9.99, 
13.69) 
0.76 4.56 (− 13.48, 
22.63) 
0.62 − 2.61 (− 16.14, 
10.93) 
0.71 − 28.34 (− 89.68, 
− 33.01) 
0.37 
One-Year Mortality (OR) 0.81 (0.72, 
0.91) 
<0.001 0.75 (0.64, 0.89) 0.001 0.88 (0.77, 1.01) 0.07 0.97 (0.54, 1.72) 0.91 
The effect estimates reported vary for outcome variable based on the regression used. As indicated in the first column, the estimates for Attended Recommended 
Number of Antenatal Care Visits, Early Initiation of Breastfeeding, and One-Year Mortality are Odds Ratios. The effect estimates for Antenatal Care Quality are 
incidence rate ratios and Birthweight are changes in grams. These results do not include any adjustment for multiple testing.  
Table A.7 
Fully adjusted sensitivity analysis of the impact of receiving antenatal care from community health workers on antenatal care utilization   
Any CHW Specific CHW  
ASHA Anganwadi Worker Community/Village Health 
Worker 
Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p- 
value 
Attended 8 or more Antenatal Care Visits (OR) 1.32 (1.23, 1.43) <0.001 1.17 (1.04, 1.31) 0.008 1.45 (1.33, 1.57) <0.001 1.28 (0.96, 1.70) 0.60 
Number of Antenatal Care Visits (IRR) 1.36 (0.29, 0.32) <0.001 1.22 (1.19, 1.25) <0.001 1.34 (1.31, 1.37) <0.001 1.10 (1.01, 1.20) 0.03 
Antenatal care visits are defined as 1) meeting the current World Health Organization recommendation of 8 or more antenatal care visits and 2) number of antenatal 
care visits, as a count variable. These regressions were adjusted for all of sociodemographic confounders.  
Table A.8 
Association between receiving antenatal care from any community health worker and missingness for each outcome variable   
Any CHW (n = 26,014) No CHW (n = 158,524) Odds Ratio (OR) p-value 
Met Recommended Number of Antenatal Care Visits 
Missing 811 (3.6%) 3497 (2.5%) 1.79 (1.55, 2.08) <0.001 
Antenatal Care Quality 
Missing 0 (0%) 26,604 (19.3%) N/A N/A 
Early Initiation of Breastfeeding 
Missing 863 (3.8%) 7452 (5.4%) 0.70 (0.64, 0.77) <0.001 
Birthweight 
Missing 4003 (17.6%) 26,986 (19.6%) 0.69 (0.65, 0.74) <0.001 
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This table reports the frequencies, percentages, and odds ratios of women with missing outcome data according to whether or not the women was seen 
for antenatal care by any community health worker. All of the frequencies and percentages are weighted based on the sampling weights specified by 
National Family Health Survey-4. Odds Ratios are adjusted for the sociodemographic variables adjusted for in all analyses. 
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